an identical genotype IB sequence, suggesting that the same causative agent was present. The complete nucleotide sequence derived from one of the samples indicated that the Thai genotype IB strain should be classified in a unique phylogenetic cluster. The analysis using an adjusted odds ratio showed that the consumption of groundwater was the most likely risk factor associated with the disease.
Introduction
Hepatitis A virus (HAV) is a nonenveloped singlestranded positive-sense RNA virus classified into the family Picornaviridae and a causative agent of acute hepatitis A [1] . HAV spread via the fecal-oral route either by ingestion of contaminated food and water or by personto-person contact, and most HAV infections are symptomless [2] . The symptoms of HAV infection are selflimited, generally lasting 1-2 months, and require hospitalization and proper therapy. Host immunity after a single infection gives long-lasting protection against hepatitis A [3] . HAV is generally acquired during virus Keywords Hepatitis A virus · Drinking water · Phylogenetic analysis · Molecular epidemiology Abstract Background: In 2000, an outbreak of acute hepatitis A was reported in a province adjacent to Bangkok, Thailand. Aims: To investigate the cause of the 2000 hepatitis A outbreaks in Thailand using molecular epidemiological analysis. Methods: Serum and stool specimens were collected from patients who were clinically diagnosed with acute viral hepatitis. Water samples from drinking water and deep-drilled wells were also collected. These specimens were subjected to polymerase chain reaction (PCR) amplification and sequencing of the VP1/2A region of the hepatitis A virus (HAV) genome. The entire genome sequence of one of the fecal specimens was determined and phylogenetically analyzed with those of known HAV sequences. Results and Conclusions: Eleven of 24 fecal specimens collected from acute viral hepatitis patients were positive as determined by seminested reverse transcription PCR targeting the VP1/2A region of HAV. The nucleotide sequence of these samples had circulation associated with poor hygiene and sanitary conditions [4] .
HAV has a genome approximately 7.5 kb in length, and it contains a long 5 ′ untranslated region (UTR), a long open reading frame, and a short 3 ′ UTR containing a poly (A) tail [5, 6] . Genomic analysis of HAV strains from various geographic areas has revealed their origin and transmission pattern [7] . Nucleotide sequence analyses followed by phylogenetic analyses have revealed that these strains can be categorized into 6 genotype groups (I-VI) based on HAV isolates from various countries; genotypes I-III are found in humans, and each of these is further divided into 2 subgenotypes, i.e., A and B. Most human HAV strains belong to genotype I or III [8] [9] [10] .
In Thailand, the monitoring of viral hepatitis has been carried out under a nationwide surveillance system, and suspected cases of hepatitis were reported in the surveillance report published in National Disease Surveillance (Report 506), Bureau of Epidemiology, Department of Disease Control, Ministry of Public Health, Thailand. In 2015, of these suspected cases, only 4.7% (398/8,495) were diagnosed as hepatitis A [11] .
In 2000, eighteen suspected hepatitis cases with fever and jaundice were reported to the authorities in Nakhon Pathom Province, a province adjacent to Bangkok, and most of these cases involved students. An extensive survey by the provincial authority revealed that this outbreak was caused by a drinking water supplier [12] .
In the present study, we genetically analyzed specimens from the hepatitis patients, drinking water, and deep-drilled wells owned by the water supply company and found that the outbreak was caused by HAV of genotype IB.
Materials and Methods

Serum Samples
Serum specimens were collected in a province near Bangkok, i.e., Nakhon Pathom, Thailand, in July and August of 2000, including samples from patients who were clinically diagnosed with acute viral hepatitis and samples from healthy persons as a control group. The specimens were tested for anti-HAV IgM antibody (VIDAS HAV IgM; BioMérieux, Marcy l'Etoile, France), anti-HAV total antibody (VIDAS anti HAV total; BioMérieux), anti-HBc IgM antibody (VIDAS HBc IgM; BioMérieux), anti-HCV IgG antibody (ETI-AB-HCVK-4; DiaSorin, Saluggia, Italy), and anti-HEV IgM antibody (HEV-IgM ELISA; MP Diagnostic, Singapore).
Stool Samples
One-gram fecal specimens were collected from the acute viral hepatitis patients. The samples were diluted with phosphate-buffered saline (pH 7.4) to prepare a 10% (w/v) suspension.
Water Samples
One-liter water samples were collected, dechlorinated with sodium thiosulfate (Sigma Chemical Co., St. Louis, MO, USA) at a final concentration of 50 mg/L, and stored at 4 ° C. HAV was concentrated by adding AlCl 3 · 6H 2 O at a final concentration of 120 mg/L of the water sample, and adjusted to pH 3.5 with 1.0 N HCl. The samples were filtered through a 0.22-μm filter (Millipore, Bedford, MA, USA). The filter was washed 5 times with 1 mL of 0.14 N NaCl to remove excess Al + . The virus was eluted 3 times with 3 mL of 3% beef extracts (pH 9.0), and then 300 μL of antibiotics (10,000 units/mL of penicillin and 10,000 μg/mL of streptomycin) and 300 μL of 10× MEM were added to the eluent. The sample was kept at -70 ° C until further processing. One milliliter (1,440 ELISA units of the HM-175 strain) of the hepatitis A vaccine (1,440 ELISA units, Havrix TM ; GSK Vaccines) was included to estimate the virus recovery. All samples were tested in triplicate.
Statistical Analysis
STATA software (version 6.0) was used to calculate the odds ratio (OR) and 95% confidence interval (95% CI) between the risk factors and the disease.
RNA Extraction and Reverse Transcription Polymerase Chain
Reaction Viral RNA was extracted from 100 μL of the concentrated water samples and 10% stool suspensions using the Trizol reagent (Life Technologies, Rockville, MD, USA ) according to the manufacturer's instructions. The reverse transcription of viral RNA was performed as described previously [13] . Degenerated primers, i.e., HAV-JCT-2F, HAV-JCT-1R-A, and HAV-JCT-2R, were used to amplify via polymerase chain reaction (PCR) the VP1/2A region of the HAV genome. The HAV-JCT-2F and HAV-JCT-1R-A primers were used for the initial PCR amplification of the HAV sequences, and the HAV-JCT-2F and HAV-JCT-2R primers were used for a second round of semi-nested PCR. All PCR conditions have been described previously [14] .
Entire Genome Sequencing
In order to determine nearly complete sequences of the Thai IB HAV strain, the whole genome was divided into 7 regions, each region was amplified by reverse transcription PCR (RT-PCR), and direct sequencing was performed as described [13, 14] . The PCR primers used for amplification and sequencing are shown in Table 1 .
Phylogenetic Analysis CLUSTAL W version 1.4 [15] was used to align the HAV nucleotide sequences. The 2-parameter method of Kimura [16] was then used to generate a distance matrix of nucleotide substitutions per site from the sequence alignments. MEGA version 4.0 was used to generate neighbor-joining trees [17] , maximum-likelihood trees, and unweighted pair group method with arithmetic averages (UPGMA) trees from the matrix numbers; each tree was constructed with 100 bootstrap replicates [18] . All reference sequences used in this study were obtained from GenBank.
Nucleotide Sequence Accession Numbers
The GenBank accession number of the nearly complete nucleotide sequences determined in this study is LC128713. The accession numbers of the other strains used in this study are: genotype Genotype IB HAV in Thailand 199 IA (K02990, X83302, X75215, AB969748, AB839692, AF485328, AB020569, AF512536, AF357222, AB020564, EU131373, and KJ427799), genotype IB (HQ246217, M20273, EF406359, AF314208, M14707, KF724023, and AF268396), genotype II (AY644676 and AY644670), genotype IIIA (AB279733, FJ360735, EU011791, JQ655151, AB973400, and AJ299464), and genotype IIIB (AB258387, AB300205, and AB279735). In addition, the following genotype IB strains were used to compare the VP1/2A (286 bases) region (AB258562, AB974364, AF050229, AF050231, AF268396, AF314208, AY741663, DQ452807, EU930199, FJ010834, GU646039, HQ246217, HQ907924, KC632110, KC876797, KC876799, KF724023, KP091364, KP091376, KT222956, LC035019, LC037391, M14707, and M20273).
Results
Outbreaks of Hepatitis in 2000
An outbreak of hepatitis occurred from July to August of 2000 in Nakhon Pathom Province, next to metropolitan Bangkok. During this outbreak, a total of 18 hepatitis patients who had jaundice with fever or fever with enteric abnormality were observed. A case-control study was performed to find any association between risk factors and the disease. From 18 cases and 48 controls, a relation was established between 2 kinds of food consumption, i.e., noodles (crude OR 5.76; 95% CI 1.61-20.56) and water/ice (crude OR 6.11; 95% CI 1.26-29.64), and the disease. In addition, a relation between the consumption of groundwater (crude OR 5.18; 95% CI 1.53-17.53) and the disease was observed. From the analysis using adjusted OR with these 3 risk factors, the consumption of groundwater was the most likely risk factor associated with the disease (crude adjusted OR 3.76; 95% CI 1.04-20.15) [12] .
Genetic Analysis of Thai HAV Isolates in the Outbreak
The 22 serum and 24 fecal specimens collected from the patients were subjected to serological and genetic analyses as described in Materials and Methods. All of the serum samples were negative for anti-HBc IgM, anti-HCV IgG, and anti-HEV IgM but positive for anti-HAV IgM (data not shown); however, we were not able to perform further genetic analyses due to the extremely small size of the samples. Eleven of the 24 fecal samples were The positions of the primers were numbered according to the complete nucleotide sequence of the HM 175 strain (accession No. M14707).
Ruchusatsawat et al. AF543485) , suggesting that the same causative agent was present [19] . Three of 27 water samples were found to be positive by RT-PCR targeting a short VP1/2A region (data not shown); however, sufficient PCR products for further analysis were not obtained by the seminested RT-PCR.
One of the fecal samples was selected to determine the complete nucleotide sequence. Nearly the entire viral genome was amplified as described in Materials and Methods, and the nucleotide sequence was determined using the primers depicted in Table 1 . Thus, the Thai hepatitis A IB sequence, which was composed of 7,419 nucleotides, encoded a polyprotein composed of 2,225 amino acids and was submitted to the National Center for Biotechnology Information (NCBI) database (accession No. The nucleotide identity of the Banglane2000 strain with other genotype IB strains deposited in GenBank (HQ246217, M20273, EF406359, AF314208, M14707, KF724023, and AF268396) ranged from 93.7 to 94.5%, whereas the amino acid sequences showed little difference, displaying identities of 98.0-99.4%. Banglane2000 showed 94.5% nucleotide and 99.4% amino acid identities with the vaccine strain HM175, and 94.0% nucleotide and 99.2% amino acid identities with the CFH-HAV strain, which was isolated from a male chimpanzee infected with HAV [20] . Phylogenetic analysis of the whole sequences in comparison to those of known HAV sequences indicated that the Thai IB strain is likely to be grouped into a unique cluster ( Fig. 1 ) . When the amino acid sequence of the whole coding region was compared with those of 7 known HAV IB strains, we found the following 12 amino acid differences: R67K, C796S, V1052A, K1168R, E1341G, I1424V, K1488R, K1554R, V1818I, V1888I, P1910S, and S1930I, with which the Banglane2000 strain shared 13 mutations, i.e., R67K, C796S, E1151K, K1168R, E1341G, I1424V, K1488R, K1554R, Y1764H, V1888I, V1818I, P1910S, and S1930I, with the vaccine strain HM175.
Discussion
Recently, improvements in hygiene and sanitary conditions and the application of public health control measures have led to a significant shift in the epidemiology of hepatitis A from high to intermediate to low endemicity in Thailand [21] . This shift has resulted in a growing population of susceptible adolescents and adults, the groups most likely to be symptomatic when infected with HAV, and may lead to outbreaks of the disease.
Most HAV strains isolated in Thailand have been reported to be genotype IA [19, [22] [23] [24] , whereas genotype IB HAV is predominant in the Middle East. Several recent outbreaks of acute hepatitis A caused by genotype IB were associated with food from Middle Eastern countries such as frozen strawberries from Egypt and Morocco in Europe [25] , frozen pomegranate seeds from Egypt in Canada in 2012 [26] , semidried tomatoes from Turkey in Europe [27, 28] and Australia [29] in 2009-2011, and frozen pomegranate arils from Turkey in the USA [30] . Our molecular epidemiological study using a 286-nucleotide fragment of the VP1/2A region revealed that Banglane2000 belongs to a cluster distinct from other IB strains except for the CFH-HAV strain (HQ246217) ( Fig. 2 ) . CFH-HAV, which shares 94.0% nucleotide homology with Banglane2000, was isolated from a chimpanzee that was imported from Sierra Leone to Japan in 1980 and developed fulminant hepatitis A about 3 months after arrival [20] . Considering the incubation period of hepatitis A ( ∼ 1 month), this chimpanzee was considered to have been infected with HAV in Japan. However, almost all genotype IB cases reported in Japan were imported cases (underlined strains in Fig. 2 ) ; therefore, no information concerning Japanese domestic IB is available. Whether Banglane2000 is a domestic strain in Thailand or not remains an open question. This is the first report of the fulllength sequence of an HAV isolated in Thailand. The sequence will be useful for comparison with the full-length HAV sequences of the other strains isolated throughout the world in the future.
